Abstract-Gastric transmucosal potential difference (PD) is referred to an index of function and integrity of the mucosa.
Much attention has recently been paid to specific inhibitors of H+,K+-ATPase which is associated with proton transport in the gastric parietal cell (1 ) . Benzimidazoles such as timporazole, picoprazole and omeprazole belong to these inhibitors (2) , and they produce a potent and sustained antisecretory action. In more recent studies (3, 4) , it has been proposed that the action of these drugs results from the reaction with endogenous SH compounds.
In our laboratory, we attempted to assess the influences of benzimidazoles on transmucosal potential difference (PD) which is measured as an index for the mucosal integrity (5) . Interestingly, the preliminary study using timoprazole has shown that this agent produces a definite rise in gastric PD (lumen negative) in combination with hista mine, although histamine alone inversely decreases gastric PD.
In the present study, influences of several secretagogues on gastric PD were in vestigated, and the related antagonisms by antisecretory drugs including timoprazole were compared.
Some of the features of gastric PD in association with acid secretion were clarified herein.
Materials and Methods
Animals: Male SD rats, weighing 200 300 g, were deprived of food and kept for 18 hr in individual wire bottom cages to prevent coprophagy. They were allowed free access to water for the period.
Procedures for measurement of gastric PD: After anesthesia of the rat with urethane (1 .5 g/kg, i.p.), the trachea was cannulated.
The abdomen was opened and the stomach exteriorized. A double cannula was equipped in the forestomach; isotonic sucrose solution maintained at 37'C was infused via the cannula at a rate of 20 ml per hour using an infusion pump (Atom AIP-1 H), and the overflow solution was drained throughout the experiment. A cannula for administering drugs was inserted in the femoral vein and, if necessary, in the celiac artery or in the duodenum.
Gastric PD was measured ac cording to the "sucrose gap" method of Mersereau and Hinchey (6), with some modifications.
Polyethylene catheters filled with saturated KCI in 3% agar served as electrolyte bridges. The detecting electrode was introduced per os into the stomach. The tip of the electrode was placed so as to touch the surface of the gastric mucosa, and then the cardia was loosely ligated and the pyloric sphincter was firmly fastened. An infusion of isotonic sucrose solution was started. The reference electrode of the needle type, which was filled with saturated KCI in 3% agar, was subcutaneously placed on the upper extremities. The opposite end of each electrode was dipped in a separate beaker of saturated KCI solution which was connected, via a calomel electrode, to a pH meter (Horiba F-8) set to read PD in millivolts. The gastric PD between both electrodes was monitored on a recorder (Hitachi 561 , was used as a histamine H-1 receptor an tagonist. All these drugs except timoprazole were dissolved and diluted in physiological saline. The latter was suspended in physiol ogical saline using a shaker just before dosing.
Results
Influences of secretagogues on gastric PD: Gastric PD was measured at the glandular portion, forestomach and pylorus after in jection of bethanechol, tetragastrin or histamine. All data are shown in Table 1 , and some typical recordings of these responses are presented in Fig. 1 (Table 3) . These inhibitory effects were in a dose-dependent fashion.
Influences of atropine, cimetidine and diphenhydramine on gastric PD: All the results are shown in Table 4 and the typical recordings are presented in Fig. 3 Each value represents the mean+S.E. of the number of experiments indicated in parentheses. Abbreviations used are TPZ, timoprazole; BeCh, bethanechol; TG, tetragastrin; Hist, histamine; G, the glandular portion; F, the forestomach. **P-0.01, ***P 0.001 vs. control (PD before drug treatment). nisms of histamine with diphenhydramine (1 mg/kg, i.v.) and cimetidine (10 mg/kg, i.v.) were investigated; these drugs were i.v. administered after PD decrease due to histamine (10 mg/kg, s.c.) reached a plateau. Diphenhydramine did not influence the PD response to histamine, but cimetidine reversed the PD decrease toward the basal PD.
Discussion
It is well documented that mucosal damage causes a marked decrease in gastric PD (7, 8) , and transmucosal PD has frequently been measured as an index of function and integrity of epithelium (5, 9) . The gastric PD is considered to largely reflex ion transport and electrical resistance of the mucosa; however, its nature has not fully been understood. Some physiological factors such as acid secretion (10) and blood flow (11) are also reported to exert some influences on the generation of gastric PD. As for acid secretion, Rehm first reported that initiation of gastric secretion by secretagogues such as histamine caused a decrease in gastric PD (10) . This PD decrease was considered to result at least partly from liquid junction potential between the acid secreted and the luminal fluid already in the stomach.
Later studies (12, 13) , however, confirmed the development of Each value represents the mean±S.E. of the number of experiments indicated in parentheses. Abbreviations used are ATR, atropine; CMT, cimetidine; Diph, diphenhydramine; BeCh, bethanechol; TG, tetragastrin; Hist, histamine; G, the glanduar portion; F, the forestomach; P, the pylorus. *P<0.05, **P<0.01 vs. control (PD before drug treatment). small but definite decreases in PD after secretagogues in the experimental conditions where junction potential was minimized. Decreases in PD due to gastrin or its related peptides were also demonstrated in rats (6, 14) and humans (13, 15) . In spite of these documentations, it is reported that activation of parietal cells by secretagogues is not responsible for all changes in PD (14, 16) .
In the present study, gastric PD was measured at the glandular portion of the stomach, forestomach and pylorus by con tinuously infusing isotonic sucrose solution into the stomach; the solution will isolate electrically individual sites, and the con tinuous infusion will minimize the develop ment of liquid junction potential. The development of a liquid junction potential is intimately associated with sodium and hydrogen ion concentrations.
In studies with canine stomachs (11) , replacement of the 0.16 M NaCI on the mucosal side with 0.16 M HCI resulted in a transient increase (about 5 mV) of the PD which was followed by a reduction (about 20 mV) of the PD. It was considered that the former is due to a liquid potential and that the latter is due to a diffusion potential. With sodium-free mucosal fluids, the transient change became very small, and thus the prevailing PD was considered to be maintained with only an active chloride ion mechanism. In this study using sucrose, administration of atropine or timoprazole did not change basal gastric PD, leading to a suggestion that liquid junction potential may be of small magnitude in the resting stomach.
On the other hand, the gastric PD change from resting to secreting state is undoubtedly partly related to hydrogen ion secretion or to the resulting ion gradient. Actually, administration of secretagogues such as bethanechol, tetragastrin and hista mine decreased gastric PD not only at the glandular portion, but also at the forestomach and pylorus. In the literature, it is reported that PD decrease by gastrin-related peptides was seen only in the HCI secreting mucosa (6) or both in the oxyntic gland area and in the forestomach (14) . The present data are in agreement with the latter findings. On the basis of our results, at least two possibilities for PD decrease would be raised. One In the present study, atropine alone did not modify the basal PD, while cimetidine alone increased the PD. In the literature, it was reported that atropine (6) as well as cimetidine (12, 17, 18) produced an increase in PD. These effects were assumed to be associated with inhibition of the resting acid secretion (19). Since there was no effect of timoprazole on the resting PD, however, we consider that cimetidine might increase PD via some unknown action unrelated to acid inhibition. On the other hand, antagonisms of be thanechol-induced and histamine-induced PD decreases by atropine and cimetidine, respectively, were confirmed. The decrease due to tetragastrin was attenuated neither by atropine nor by cimetidine. These findings support the above-described conclusion that PD decreases by secretagogues seen in three different regions of the stomach primarily originate from secretory activation of the parietal cells.
Finally, the generation of the resting PD and the implication of functions other than acid secretion in gastric PD remain to be elucidated.
In further studies, the nature of gastric PD should be clarified in association with specific active transports other than proton transport in the isolated stomach. 
